Background: We performed a meta-analysis to evaluate the risk of immune-related colitis associated with PD1/PD-L1 inhibitors as compared to chemotherapy in solid tumor patients. Methods: Eligible studies were identified through a comprehensive search of multiple databases and included solid tumor patients in randomized controlled trials (RCTs) with PD-1/PD-L1 inhibitors. The data was analyzed by Stata version 12.0 software. Results: After exclusion of ineligible studies, 11 clinical trials were considered eligible for the meta-analysis, including 5751 patients. Compared with chemotherapy, the risk ratios (RRs) of all-grade colitis were significant for the PD-1 inhibitor subgroup (RR 2.69, 95% confidence interval (CI): 1.15-6.29, p=0.023), and for pembrolizumab subgroup (RR 3.17, 95% CI: 1.08-9.37, p=0.037), but not for nivolumab treatment and PD-L1 inhibitor (atezolizumab) treatment (RR 2.05, 95% CI: 0.52-8.13, p=0.305; RR 4.75,95% CI: 0.56-40.50, p=0.154, respectively). The RR of all-grade colitis was significant for PD-1/PD-L1 inhibitor in NSCLC (RR 4.34, 95% CI: 1.37-13.82, p=0.013), and not significant in melanoma (RR 2.11, p=0.285). Moreover, the RRs of all-grade diarrhea were significant for the PD-1 inhibitor subgroup (RR 0.61, 95% CI: 0.44-0.83, p=0.002), for the nivolumab subgroup (RR 0.54, 95% CI: 0.34-0.87, p=0.012), and for atezolizumab subgroup (RR 0.48, p=0.021). The RR of high-grade diarrhea was significant for atezolizumab subgroup (RR 0.34, 95% CI: 0.12-0.94, p=0.037). Conclusions: Our meta-analysis demonstrates that compared with chemotherapy, pembrolizumab may result in a higher risk of all-grade immune-mediated colitis. PD-1/PD-L1 inhibitor treatment in NSCLC patients, but not in melanoma patients, increases the risk of all-grade colitis incidence.
Introduction
Cancer is one of the most serious and costly health problems in the USA. About 1.68 million new cancer cases and 60 thousand new cancer deaths are estimated to occur in 2017. [1] . Targeted therapy of immune checkpoints including PD-1 (programmed cell death protein 1), and PD-L1 (programmed cell death ligand 1) is a breakthrough in advanced cancer therapy that can overcome immune tolerance to
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International Publisher cancer cells [2] . Clinically, as more PD-1/PD-L1 inhibitors have been used in anticancer therapy, more adverse events have been found. The adverse events of PD-1/PD-L1 inhibitors are due to a disruption in the immune balance in tissues. Immune checkpoint inhibitors generate some special toxicity profiles called immune-related adverse events (irAE) that include colitis and endocrine dysfunction [3] . Immune-related colitis after PD-1/PD-L1 inhibitors therapy has been reported in some RCTs, and its morbidity ranges from 0.3% to 2.3% for different PD-1/PD-L1 inhibitors observed in cancer patients applying those immune checkpoint inhibitors (ICIs) [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . One study reported that immune-related colitis induced by ICIs was practically accompanied by diarrhea [15] and that severe colitis was even fatal. Therefore, awareness of the incidence and characteristics of immune-related colitis may guide the appropriate utilization of PD-1/PD-L1 inhibitors in clinical practice. This meta-analysis was conducted to determine the risk of immune-related colitis and diarrhea in cancer patients who have been treated with PD-1/PD-L1 inhibitor alone compared with chemotherapy.
Methods
A systematic review and meta-analysis was conducted according to the guidelines from the Cochrane Handbook for Systematic Reviews of Interventions [16] , with reporting following the PRISMA Statement [17] .
Search strategy
We searched the following databases: the Embase, and PubMed (up to November 20, 2017) for studies reporting the risk of immune-related colitis in PD-1/PD-L1 inhibitor therapies versus chemotherapy (Supplementary Table S1 ).
Inclusion criteria
Studies in English literature with the following information were included in our meta-analysis: (1) Phase II/III RCTs with primary endpoints such as overall survival (OS), progression-free survival (PFS), or objective response rate (ORR); (2) histologicallyconfirmed solid cancer including melanoma (MM), lung cancer, and others; (3) information on PD-1/PD-L1 inhibitors and chemotherapy, and colitis or diarrhea; and (4) some similarity in experimental methods across different studies.
Data extraction
Two independent reviewers (Q.S. and Y.L.H.) searched all the relevant studies and independently read the titles, abstracts, and full texts of the identified studies, and access a study considered to be appropriate for meta-analysis evaluated by using a patient, intervention, comparison and outcome (PICO) chart [18] . The following information was extracted by two independent reviewers (Q.S. and Y.L.H.) from the selected studies: year of publication, name of journal, author's last name, the primary endpoint, type of solid tumor, number of patients in the PD-1/PD-L1 inhibitor treatment and control groups, number of patients bearing colitis or diarrhea of all-grade (grade 1-5) and high-grade (grade [3] [4] [5] (Supplementary Table S2 ).
Data analysis
In our meta-analysis, the risk of bias analysis of our included studies was performed using Review Manager 5.3 software (Cochrane Collaboration 2014, Nordic Cochrane Center, Copenhagen, Denmark). Two reviewers (Q.S. and Y.L.H.) independently assessed the quality of the included RCTs according to the Cochrane risk of bias tool, which assesses the following seven domains: selection bias (including both random sequence generation and allocation concealment), performance bias, detection bias, attrition bias, reporting bias, and other bias. The Stata version 12.0 statistical software (Stata Corporation, College Station, Texas, USA) was used for the meta-analysis. The Risk ratio (RR) was used to estimate colitis and diarrhea (grade 1-5 and grade [3] [4] [5] . The RR >1.0 indicates higher risk or higher incidence of colitis or diarrhea in patients treated with PD-1/PD-L1 inhibitor than chemotherapy treatment. In addition, the Q test and I 2 statistics were used to assess the heterogeneity among the RCTs. I 2 values of <30%, 30%-59%, 60%-75%, and >75% were classified as low, moderate, substantial, and considerable heterogeneity, respectively [19] . We used the random-effects model (REM) described by DerSimonian and Laird [20] to calculate pooled RR and 95% confidence interval (CI). Sensitivity analysis was used by removing one study at a time, to examine whether the results could have been influenced by a single study, especially with a dubious result or considerable heterogeneity. Sources of heterogeneity were explored using subgroup analyses according to both different PD-1/PD-L1 inhibitors and different type of cancers. The Begg's and Egger's tests were used to analyze the publication bias. All P values were 2-tailed, and a probability level<0.05 was considered statistically significant.
Quality Assessment
Firstly, two independent reviewers (Y.L.H. and Q.S.) searched all the relevant studies, and assessed studies appropriate for meta-analysis based on the evaluation using PICO chart, and assessed the risk of bias for the included studies by the Cochrane Handbook. All disagreements were resolved by discussion with the third reviewer (X.C.Z.) until a consensus was reached. Secondly, our analysis was performed by pair-wise comparisons of the PD-1/PD-L1 inhibitor arms with the chemotherapy arms. Among the studies, there were two three-arm trials. To avoid an increased influence of these trials on the overall result, the number of patients in the arm, which was used twice, was divided by two. Thirdly, we paid much attention to the heterogeneity among the RCTs by using sensitivity analysis and subgroup analysis. On the other hand, although the I 2 value was <30%, instead of the fixed-effects model (FEM), REM was employed for our meta-analysis to verify the statistical results.
Results

Selection of studies
Using the search terminology, we initially identified 1331 studies from our database search. Among those 1331 studies, 11 RCTs met our strict inclusion criteria (Supplementary figure 1) . All the included trials evaluated and compared the effectiveness of PD-1/PD-L1inhibitor therapies with chemotherapy in solid tumors, representing data from a total of 5751 patients (Nivolumab: 1128, Pembrolizumab: 1459, Atezolimab: 751) ( Table 1) .
Among the eleven studies, nine involved PD-1 antibodies (nivolumab: 5, pembrolizumab: 4) [4] [5] [6] [7] [8] [9] [10] [11] [12] , and the other two involved PD-L1 antibodies (atezolizumab) [13, 14] . Additionally, three studies had data from melanoma(MM) patients [4] [5] [6] , six from non-small cell lung cancer (NSCLC) patients [7] [8] [9] [10] 13, 14] , one from urothelial cancer [11] and one from head-neck squamous cell carcinoma (HNSCC) [12] Two have three-arm trials, in which two dosage pembrolizumab arms were compared with the chemotherapy treatment [6, 10] .
The Cochrane risk of bias tool was used to measure the quality of the included studies and the results are shown in Supplementary Figure S2 .
Analysis of colitis risk
Comparison of different PD-1/PD-L1 inhibitors treatments with chemotherapy
As shown in Figure 1A , when compared with chemotherapy, there was a significant increase in the risk of grade 1-5 colitis incidence for PD-1 inhibitor (RR 2.69, 95% CI: 1.15-6.29, p=0.023). However, there was no significant increase in the risk of grade 1-5 colitis incidence for PD-L1 inhibitor (atezolizumab) (RR 4.75, 95% CI: 0.56-40.50, p=0.154). For high-grade colitis, the pooled RR of grade 3-5 colitis incidence was not significant for the PD-1 inhibitor subgroup (RR 2.53, 95% CI: 0.96-6.68, p=0.060). When compared with chemotherapy ( Figure 1B ), there was a significant increase in the risk of grade 1-5 colitis incidence for pembrolizumab (RR 3.17, 95% CI: 1.08-9.37, p=0.037). There was no significant increase in the risk of grade 1-5 colitis incidence for nivolumab (RR 2.05, 95% CI: 0.52-8.13, p=0.305), and for atezolizumab (RR 4.75, 95% CI: 0.56-40.50, p=0.154).
For high-grade colitis, the pooled RR of grade 3-5 colitis incidence was not significant for both nivolumab and pembrolizumab subgroup versus chemotherapy respectively (nivolumab: RR 2.60, 95% CI: 0.54-12.56, p=0.234; pembrolizumab: RR 2.49, 95% CI: 0.73-8.53, p=0.520). We found a tiny overall heterogeneity in grade 1-5 colitis incidence. The PD-1 inhibitor group, the PD-L1 group (atezolizumab), the nivolumab subgroup, and the pembrolizumab subgroup all displayed I 2 values of 0% (PD-1: p =0.896; PD-L1 (atezolizumab): p =0.999; nivolumab: p=0.529; pembrolizumab: p=0.908). The tiny heterogeneity was also observed for grade 3-5 colitis incidence. The PD-1 inhibitor group, the nivolumab subgroup, and the pembrolizumab subgroup displayed I 2 values of 0.0% (PD-1: p =0.991; nivolumab: p=0.997; pembrolizumab: p=0.854).
Comparison of PD-1/PD-L1 inhibitors treatment with chemotherapy for different cancer groups
When compared with chemotherapy ( Figure  2A ), there was a significant increase in the risk of grade 1-5 colitis incidence for PD-1/PD-L1 inhibitor treatment in patients with NSCLC (RR 4.34, 95% CI: 1.37-13.82, p=0.013), and no significant increase in the risk of grade 1-5 colitis incidence for PD-1 inhibitor treatment in patients with MM (RR 2.11, 95% CI: 0.54-8.34, p=0.285). Additionally, there was no significant increase in the risk of grade 3-5 colitis incidence for PD-1 inhibitor treatment both with MM (RR 1.34, 95% CI: 0.30-6.08, p=0.705), and for PD-1/PD-L1 inhibitor treatment with NSCLC (RR 3.39, 95% CI: 0.94-12.21, p=0.061).
We found a tiny overall heterogeneity in grade 1-5 colitis incidence. Both the MM patient subgroup and the NSCLC patient subgroup displayed I 2 values of 0.0% (MM: p =0.884; NSCLC: p =1.000). The tiny heterogeneity was also observed for grade 3-5 colitis incidence in the MM subgroup and the NSCLC subgroup (MM: I 2 =0%, p =0.905; NSCLC: I 2 =0%, p =1.000).
Analysis of diarrhea risk
Comparison of different PD-1/PD-L1 inhibitors treatments with chemotherapy
As shown in Figure 3A , when compared with chemotherapy, there was a significant decrease in the risk of grade 1-5 diarrhea incidence for PD-1 inhibitor treatment (RR 0.61, 95% CI: 0.44-0.83, p=0.002), and a significant decrease in the risk of grade 1-5 diarrhea incidence for PD-L1 (atezolizumab) (RR 0.48, 95% CI: 0.25-0.89, p=0.021) inhibitor treatment. When we analyzed high-grade diarrhea, we found that the pooled RR of grade 3-5 diarrhea incidence was significant for the PD-L1 inhibitor (atezolizumab) subgroup (RR 0.34, 95% CI: 0.12-0.94, p=0.037).
When compared with chemotherapy ( Figure 3B ), we observed a significant decrease in the risk of grade 1-5 diarrhea incidence for nivolumab (RR 0.54, 95% CI: 0.34-0.87, p=0.012), and for atezolizumab (RR 0.48, 95% CI: 0.25-0.89, p=0.021). There was no significant decrease in the risk of grade 1-5 diarrhea incidence for pembrolizumab (RR 0.67, 95% CI: 0.42-1.08, p=0.097). For high-grade diarrhea, the pooled RR of grade 3-5 diarrhea incidence was significant for atezolizumab subgroup (RR 0.34, 95% CI: 0.12-0.94, p=0.037), not significant for both nivolumab and pembrolizumab subgroup respectively (nivolumab: RR 0.41, 95% CI: 0.14-1.17, p=0.095; pembrolizumab: RR 0.56, 95% CI: 0.19-1.70, p=0.308).
There was a substantial overall heterogeneity of grade 1-5 diarrhea incidence in all the subgroups including PD-1 inhibitor subgroup, the PD-L1 subgroup (atezolizumab), the nivolumab subgroup, and the pembrolizumab subgroup (PD-1: I 2 =74.7%, p =0.000; nivolumab: I 2 =74.6%, p =0.003; pembrolizumab: I 2 =78.8%, p =0.001; atezolizumab: I 2 =69.6%, p=0.070). For grade 3-5 diarrhea incidence, the heterogeneity was tiny for the PD-L1 inhibitor (atezolizumab) subgroup and nivolumab subgroup (atezolizumab: I 2 =0%, p=0.947; nivolumab: I 2 =0%, p =0.448), low for PD-1 subgroup (I 2 =26.8%, p =0.189), and moderate for the pembrolizumab subgroup (I 2 =47.6%, p =0.080).
As shown in Supplementary Table S4, the sensitivity analysis was used to examine whether the results could have been influenced for PD-1 (Grade1-5 diarrhea) subgroup, nivolumab (Grade1-5 diarrhea) subgroup, and pembrolizumab (Grade 1-5 diarrhea) subgroup respectively.
Comparison of PD-1/PD-L1 inhibitor treatment with chemotherapy for different cancer groups
When compared with chemotherapy ( Figure 2B ), we observed a significant decrease in the risk of grade 1-5 diarrhea incidence for PD-1/PD-L1 inhibitor in patients with NSCLC (RR 0.45, 95% CI: 0.32-0. 63, p<0.001), but no significant decrease in the risk of grade 1-5 diarrhea incidence for PD-1 inhibitor in patients with MM (RR 0.89, 95% CI: 0.64-1.23, p=0.457). However, there was no significant decrease in the risk of grade 3-5 colitis incidence with PD-1/PD-L1 inhibitor with NSCLC (RR 0.46, 95% CI: 0.20-1.05, p=0.065), and with MM (RR 0.44, 95% CI: 0.13-1.53, p=0.196).
We found a substantial overall heterogeneity of grade 1-5 diarrhea incidence in the NSCLC subgroup (I 2 =68.4%, p=0.004), but a low heterogeneity in the MM subgroup (I 2 =8.0%, p=0.353). For grade 3-5 diarrhea incidence, the heterogeneity was tiny for the MM subgroup (I 2 =0%, p=0.457), and low for the NSCLC subgroup (MM: I 2 =22.7%, p=0.256).
As shown in Supplementary Table S4 , the sensitivity analysis was used to examine whether the results could have been influenced for NSCLC subgroup (Grade1-5 diarrhea).
Analysis of publication bias
Egger's test and Begg's test, conducted in STATA 12.0 software, were used to evaluate the publication bias between different RCTs. As presented in Supplementary Table S3 and Supplementary Figure S3 , all the P values were > 0.05 after both tests. Therefore, there was no significant publication bias in this meta-analysis.
Discussion
Although one previous meta-analysis showed that ipilimumab and overall PD-1/PD-L1 inhibitors (PD-1 lumped with PD-L1 inhibitors) were associated with the increase of colitis incidence [21] , but not with each PD-1 and PD-L1 inhibitor respectively, such as nivolumab, pembrolizumab and atezolizumab. As far as we know, this is the first systematic review and meta-analysis on the risk of immune-related colitis following the use of nivolumab, pembrolizumab and atezolizumab in patients with advanced solid tumors. Our meta-analysis includes thousands of patients (Nivolumab: 1128, Pembrolizumab: 1459, Atezolimab: 751). It shows that pembrolizumab increases the risk of all-grade colitis incidence (about three times), but not the risk of high-grade colitis incidence and that of all-grade /high-grade diarrhea incidence when compared with chemotherapy. In addition, PD-L1 antibody (atezolizumab) may reduce the risk of all-grade diarrhea incidence, and furthermore, reduce the risk of grade 3-5 diarrhea incidence. However, nivolumab does not increase the risk of all/high-grade colitis incidence but reduces the risk of only all-grade diarrhea incidence (about one half), when compared with chemotherapy. The risks of colitis and diarrhea are different in different types of solid cancers with PD-1/PD-L1 antibodies (MM and NSCLC). PD-1/PD-L1 inhibitor treatment in patients with NSCLC increases the risk of all-grade colitis incidence (about four times), but not that of high-grade colitis incidence, and decreases the risk of all-grade diarrhea incidence (about four tenths). However, PD-1/PD-L1 inhibitor treatment in patients with MM does not change the risk of all-grade/high-grade colitis and diarrhea incidence.
Although our results confirm that PD-1 inhibitors tend to increase the risk of immune-induced colitis, and the mechanism underlying its emergence is largely unknown. A byproduct of the anti-tumor function of the PD-1 inhibitor is to inhibit the binding of PD-1 and its ligand PD-L1/2, which blocks the reception of prohibitive signals by T cells to enable them to activate immune responses against tumor cells. The function of PD-1 inhibitors may also disturb the balance of autologous tolerance [22] . For instance, the PD-1 inhibitors may liberate T cells' reactivity to healthy tissues and thus lead to the production of autoantibodies, the release of excessive inflammatory factors (e.g. IFNa, TNF, IL-23/IL-17 inflammatory axis) [23] [24] [25] [26] , and NETosis, which cause harm to healthy cells [27] . Clinical reports state that the incidence of colitis with PD-1/PD-L1 antibodies is much lower than with CTLA4 antibodies [28, 29] . Consistently, the morbidity of colitis after PD-1 inhibitor treatment (0.6%-2.3%) seems higher than that after PD-L1 inhibitor treatment (0.3%-1.4%). These morbidity values were calculated based on the literature included in our meta-analysis [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Our meta-analysis reveals that PD-1/PD-L1 antibodies reduce the risk of diarrhea when compared with chemotherapy, and PD-L1 antibodies even reduce the risk of severe diarrhea. This may be attributed to the fact that chemotherapy-induced diarrhea is a very common problem in cancer patients, with an incidence as high as 50%-80% [30] . In contrast, PD-1 antibodies increase the risk of colitis when compared with chemotherapy. These observations support the idea that PD-1 antibodies introduce a larger risk of immune-related colitis that cannot be determined solely by diarrhea, one of its common symptoms. We failed to observe a significant increase in the risk of colitis for PD-L1 antibodies when compared with chemotherapy, which is possibly due to the current scarcity of RCTs involving PD-L1 inhibitors. Another reason may be that PD-L1 antibodies only block binding to PD-L1, but not PD-L2, and so treatment with PD-L1 antibodies may be accompanied by less immune-related toxicity than PD-1 antibodies in part by its selective modulation of the immune response [31] . One study showed that after the PD-L1-PD-1 pathway, the PD-L2-PD-1 pathway is second in regulating T cell responses [32] . In the same way, our previously published study also indicated that, when compared with chemotherapy, PD-1/PD-L1 antibody treatment has beneficial effects on advanced NSCLC patient monotherapy, along with fewer conventional chemotherapy adverse events such as diarrhea and fever, but increased immune-associated adverse effects [33] .
The type of meta-analysis itself based on published data unavoidably had several limitations [34] . The first limitation was that we had no individual patient data, which would have provided more detail about immune-related colitis with PD-1/PD-L1 inhibitors. Secondly, we assume that the diagnostic criteria of immune-related colitis were consolidated and identical for every RCT, but that of diarrhea was not, because the diagnosis of diarrhea was subjective both for patients and clinicians. So, the considerable heterogeneity of diarrhea could be explained partially. Thirdly, there are still some questions we cannot explain well, such as that both nivolumab and pembrolizumab belong to PD-1 inhibitors, but only pembrolizumab in our meta-analysis cause more risk of immune-related colitis than chemotherapy. Recently one study has shown that pembrolizumab and nivolumab have no overlapping binding areas on PD-1 with each other. Those differences in PD-1 binding sites might be responsible for the difference in a risk of immune-mediated colitis between pembrolizumab and nivolumab [35] . On the other hand, we have made great efforts on the overall quality assessment that maybe make our conclusion more balanced and credible: (1) two independent reviewers searched all the relevant trails with well-defined inclusion criteria. They assessed studies appropriate for meta-analysis evaluated, and assessed the risk of bias for the included RCTs. (2) Two independent reviewers verified data in our meta-analysis which was performed by pair-wise comparisons. (3) The REM, subgroup analysis, and sensitivity analysis were employed statistically.
Overall, our meta-analysis reminds physicians of the possibility of immune-induced colitis in cancer patients treated with PD-1 inhibitor (especially pembrolizumab), particularly in those with symptoms of diarrhea that is severe or cannot be cured by routine treatment. Serious colitis may be fatal, which renders its symptoms worthwhile monitoring in order to avoid neglecting this risk. Further study on the molecular mechanisms underlying PD-1 inhibitorrelated colitis could help us to prevent or relieve this side effect during treatment [36] .
Conclusion
In summary, our meta-analysis demonstrates that PD-1 inhibitor may result in a higher risk of all-grade immune-induced colitis than chemotherapy. Pembrolizumab may result in a higher risk of all-grade immune-mediated colitis than chemotherapy. However, both nivolumab and atezolizumab maybe do not introduce a higher risk of immunemediated colitis than chemotherapy. The PD1/PD-L1 inhibitor may increase the risk of grade 1-5 colitis incidence than chemotherapy in patients with NSCLC, but not in patients with MM.
